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Seawater Intrusion due to Ground Water Developments
in Eastern and Central Cheju Watersheds
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2 % AFEL APRE T RS 3] Asted dFE Aekd LS At Yok £eH
o Meks Ale] Dol AshAE Mol Y JPHAA Aaslolo shul AFSAE A9 B4
4 o) Jge nefslol Bk B AR FHEe Aok Aol vt F-FAF Sele] slsaizel
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FU-E 1Y 2 o 2 & YR Ayl S AR Bk,

Abstract : The Island of Cheju plans massive ground water development to meet predicted water demand.
Effective management of ground water resources requires impact assessment study. Due to the nature of the
island, effects of sea water must be considered. In this work, salt water intrusion, due to hypothetical ground
water development in Eastern and Central Cheju Watersheds, is predicted using a sharp-interface model. The
model considers simultaneously hydrodynamics of both freshwater and saltwater. The hypothetical ground
water development was designed such that it follows closely the regional ground water development plan. The
numerical model predicted that the saltwater wedge may intude over l1km depending on the location. This
observation leaves doubt on impact assement studies based on freshwater-flow only modeling.
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Figure 2. Eastern and Central Cheju Watersheds.
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Table 1. Total ground water withdrawal rates (m'/d) in Cheju
watershed (A2 E 5, 1993)
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Table 2. Wells in Central and Eastern Cheju watershed

H 3 T # HEH(m'/d) NEAx
1 D-216 1,000 89
2 MY setm 450 88
2 RIER XS ES 480 88
2 Zdod 1 320 87
2 ol 1,500 78
3 D-106 1,900 78
4 D-68 1,100 75
5 9] A=) e < 1,000 81
5 R R 1,000 81
6 D-1 1,140 72
7 D-133 1,230 80
8 D-150 1,160 81
9 D-166 1,200 84
10 D-66 990 75
11 84-1 1,200 84
12 D-91 1,500 77
13 78-2 1,550 78
14 D-92 1,550 77
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16 o24s 1,550 78
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18 D-135 1,900 80
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35 D-58 1,800 74
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Figure 3. Distribution of ground water withdrawal rates in East-

ern and Central Cheju Waterhsheds (as of 1993).

Table 3. Planned ground water withdrawal rates (m3/d) in Che-
ju watershed
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Figure 4. Planned ground-water withdrawal rates in Eastern and
Central Cheju Waterhsheds.
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Figure 5. Discretized modeling domain and boundary nodes.
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Figure 6. Distribution of transmissivity values (m?/s) of the main
aquifer system (FOB layer) in Eastern and Central Che-
ju Waterhsheds (modified after Ministry of Con-
struction et al., 1993).
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Figure 7. Comparison of observed (——) vs. simulated (- - -) po-
tentiometric maps for the predevelopment condition
(solid-line contour labels: 5, 10, 20, 30 m from the
coastline).
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Table 4. Sensitvity of freshwater hydraulic head(m) of coastal
area to changes in hydrogeologic parameters of upper
mountain area: Average (Standard Deviation)

L B g 200 0
T (m"/s)
0.030 0.6 (19 06 (18)
0.300 32 (32) 929 38 (32)
0.003 2.6 (30)  51(71)  -30 (5.2)

Table 5. Sensidvity of freshwater hydraulic head (m) of upper
area to changes in hydrogeologic parameters of upper
mountain area: Average (Standard Deviation)

Zy (m)

600 200 0
T (m’/s)
0.030 87.8 ( 83.6) 98.6 ( 98.7)
0.300 262 ( 15.8) 143.7 (1004) 163.4 (130.8)
0.003 -138.6 ( 74.6) -59.3 ( 494) -46.0 ( 53.9)

Table 6. Estimated volume of freshwater in Eastern and Central
Cheju Watersheds (10° m®)

, Zy (m) 600 200 0
T (m’/s)
0.030 8.3 154 21.3
0.300 45 79 125
0.003 26.6 35.1 405
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Figure 9. Predicted potentiometric map in 2016.
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contour intervals).

sk 74

11

Wz A% A

i

Nstih. A8kl ek Figure 39] Hed 39 2 <
Xahe, A AaF Ase AE AANA 2k 20m o]l
RAeg &=

54 AR A% G £ Aae HiF) AFE o)
sk SlFRTE o] AFE FAF FAdA FEHA |
el AT FHAE 20163714 toe A2 ®BH7E 500
m olUg) Aoz vehdou, FAF Foedie A Wt
HAurR o2 1km o)Al Ao g o =5t Figure 119= 7Y
Az #1996y 51 d 7HA 2] toe A E =A ST Fig-
ure 120 20160l o) 4E= wshatdle] FAR(oh] & O
yst WSS TS FRNSRE 2, z=100m)) =
A8kgiTh. Figure 129) 912 @A vehbe A H 20161
o) Huf AFEAE o 2km, ¥]F o] 7| &7]2 RHE T 3
2 &= A o=
205 ¢

Figure 130 = 2|3}5> 2 Q18hed siqt A Goll A o=
52 FA F71E =AEAY sFEe] FAZ P &
A Z7he 2L A FAF St AFe s Ao 30mel] 2
&3 gloh. ol #iet A e] EahhE FAA7F 6099me] &
s e W) 2 Wsket & 4 e} Figure 129) sg-g v &4t
= FZ Aol 23 Aer) oprt. mebA sFHFE= A

Z

4r

£x

S
FAEE FATF FYANA Jskse A

=
o

oo

l‘liTT]—"_

o
(=]
o
(@}
<
35000 40000 45000
Figure 11. Expected locatons of salrwater toe ( : prede-
velopment; — - — « —: 1996; - - - -1 20015 —-- —--
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Figure 12. Predicted saltwater-freshwater interface in 2016
(upper: interface elevation contour lines (interval = 10
m); lower: perspective view of the interface).
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